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Abstract: Based on the analysis of medicinal plants use, we proposed a Pattern-Path Model (PPM) to explore the develop- 
ment process of medicinal plant use . To test this model, 549 medicinal plant species recorded in Chinese Pharmacopoeia 
(2005 version) were analyzed to understand the sustainability of medicinal plants in China . Our results show that among 
medicinal plant species in Chinese Pharmacopoeia, 79% are more or less used with sustainable supply, but 21% with un- 
sustainable supply . The current trends of increasing domestication and plantation of medicinal plants are partly promoted by 
resource scarcity (40% of used species are threatened or being exhausted before plantation prepared) . The conclusions 
from PPM quantitative analysis further supported existing practices about resource assessment and cultivation program of me- 
dicinal plants in China, so PPM can be applied more to provide bases for resources management decision-making . 
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Fig .1 Utilization pattern of medicinal plants 
R+C=D: Line of supply-demand balance; R + C> D: Area of 
supply exceeds demand; R+ C <D: Area of demand exceeds sup- 
ply . R type: wild resource dependent type, especially in the early 
stage of commercialization of medicinal plant . C type: cultivated 


resource dependent type; T type: transition of R type to C type 
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Fig.2 Five processes of utilization patterns 
| : Relying on wild resources at all times; || : Ideal transition from 
wild resources dependence to cultivated resources dependence; lll: 
Ttransition from wild resources dependence to cultivated resources de- 
pendence with wild resources destructive; IV: Exhaustive process that 
relying on wild resources at all times without cultivation compensation; 


V : Relying on cultivated resources at all times 
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1 Pattern-Path Model (PPM) 






























































Table 1 Classification of resource use pattern 


























































































































Category Pattern Path 
Resource sources 
R type R | Wild resource 
TI type T Il Both 
TIll type T lll Both 
TIV type R IV Wild resource 
Cll type C Il Cultivation resource 
Clll type C lll Cultivation resource 
CV type” C V Cultivation resource 
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Criteria 
Stability of 
Commercial plantation Status of exhaustion supply 
Non N Metastable 
Developing N Metastable 
Developing Y Unstable 
Developing Y Unstable 
Developed N Stable 
Developed Y Stable 
N Stable 




































































Crop or introduced plant 
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Table 2 Pattern-path model of 549 recorded medicinal plant species in Chinese Pharmacopoeia (2005) 


Scientific name PPM Scientific name Scientific name PPM 
Abrus cantoniensis CIII Dalbergia odorifera Panax notogingseng CIII 
Abutilon theophrastii CII Daphne genkwa P . quinque CV 
Acacia catechu CII Datura metel Papaver somniferum CV 
Acanthopanax gracilistylus CIII Daucus carota Paris polyphylla var. chinensis TII 
A. senticosus Till Dendrobium candidium P . polyphylla var . yunnnanensis TIV 
Achyranthes bidentata CIII D. fimbriatum Perilla frutescens Cll 
Aconitum carmichaeli CIII D. nobile Periploca sepium TII 
A. kusnezoffii TIV Descurainia sophia Peucedanum praeruptorum TIV 
Acorus calamus TIV Desmodium styracifolium Pharbitis nil Cll 
A. tatarinowii TIV Dianthus chinensis P . pururea Cll 
Adenophora stricta CIII D. superbus Phaseolus angularis CV 
A. tetraphylla CIII Dichroa febrifuga P . calcaratus CV 
Aesculus chinensis CII Dictamnus dasycarpus Phellodendron amurense CIII 
A. chinensis var. chekiangensis CII Dimocarpus longan P . chinensis CIII 
A. wilsonii CII Dioscorea futschauensis Phragmites communis Cll 
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Scientific name 


Agrimonia pilosa 
Ailanthus allissima 
Akebia quinata 

A. trifoliate 

A. trifoliate var. australis 
Albixia julibrissin 
Alisma orientalis 
Allium chinensis 

A. macrostemon 

A. tuberosum 

Aloe barbadensis 

A. ferox 

Alpinia galangal 

A. katsumadai 

A. officinarum 

A. oxyphylla 
Amomum compactum 
. kravanh 

. longiligulare 

. tsao- ko 


. Villosum 


> > > pop 


. villosum var. xanthioides 
Ampelopsis japonica 
Andrographis paniculata 
Anemarrhena asphodelloides 
Anemone raddeana 

Angelica dahurica 

A. dahurica var. formosana 
A. pubescens f. biserrara Shanet Yuan 
A. sinensis 

Apocynum venetum 
Aquilaria sinensis 

Arctium lappa 

Ardisia crenata 

A. japonica 

Areca catechu 

Arisaema amurense 

A. erubescens 

A. heterophyllum 
Aristolochia contorta 

A. debilis 

Arnebia euchroma 

A. guttata 

Artemisia annua 

A. argyi 

A. capillaris 

A. scoparia 

Asarum heterotrqoides var . mandshuricum 
A. sieboldii 

A. sieboldii var . seoukense 
Asparagus cochinchinensis 
Aster tataricus 

Astragalus complanatus 

A. membranaceus 

A. membranaceus var . mongholicus 
Atractylodes chinensis 

A. lancea 

A. macrocephala 


Atropa belladonna 


PPM 


TII 
CII 
Till 
Till 
Till 
Cll 
Cll 
Cll 
TII 
CV 
CV 
CV 
CIII 
CV 
CIII 
CV 
CII 
CII 
CIII 
CV 
CIII 
CIII 
Till 
Cll 
CIII 
TIV 
CIII 
CIII 
CIII 
CIII 
Till 
CIII 
CII 
Cll 
TII 
CV 
Till 
CIII 
Till 
TII 
TII 
Till 
Till 
TII 


Cll 
Cll 
CIII 
Till 
Till 
Till 
CII 
CIII 
CIII 
CIII 
Till 
Till 
CIII 
CII 


d 0 O0 U D0 0 


Scientific name 


D. kypoglauca 

D. nipponica 

D. opposita 

D. panthaica 
Diospyros kaki 
Dipsacus asperoides 
Dolichos lablab 
Echinops grijisü 

E. latifolius 

Eclipta prostrata 
Ephedra equisetina 
E. intermedia 

E. sinica 

Epimedium brevicornum 
E. koreanum 

E. pubescens 

E. sagittatum 

E. wushanense 
Erigeron breviscapus 
Eriobotrya japonica 
Eriocaulon buergerianum 
Erycibe obtusifolia 

E. schmidtii 
Eucalyptus globulus 
Eucommia ulmoides 
Eugenia caryophyllata 
Eupatorium fortunei 
Euphorbia humifusa 
E. kansui 

E. lathyris 

E. maculata 

E. pekinensis 

Euryale ferox 

Evodia rutaecarpa 

E. rutaecarpa var. bidin ieri 
E. rutaecarpa var. officinalis 
Fagopyrum dibotrys 
Ferula fukanensis 

F. sinkiangensis 
Fibraurea recisa 
Foeniculum vulgare 
Forsythia suspensa 
Fraxinus chinensis 

F . rhynchophylla 


F. stylosa 


F . sxaboana 
Fritillaria cirrhosa 
. delavayi 

. hupehensis 

. pallidiflora 

. przewalskii 

. thunbergii 

. unibracteata 


. ussuriensis 


IAY 


. walujewii 
Gardenia jasminoides 
Gastrodia elata 
Gentiana crassicaulis 
G. dahurica 





Scientific name 


Phyllanthus emblica 
Phyllostachys nigra var. henonis 
Physalis alkeken gi 
Physochlaina infundibularis 
Phytolacca acinosa 
P . americana 
Picrasma quassioides 
Picrorhiza scrophulariiflora 
Pinellia ternata 
Pinus massoniana 
P.sp. 
P . tabulaeformis 
Piper kadsura 
P. longum 
P.nigrum 
Plantago asiatica 
P . depressa 
Platyclodus orientalis 
Platycodon gandiflorum 
Pleione bulbocodioides 
P . yunnanensis 
Podophyllum hexandrum 
Pogostemon cablin 
Polygala sibirica 
P . tenuifolia 
Polygonatum cytonema 
P. kingianum 
P . odoratum 
P . sibiricum 
Polygonum aviculare 
P . bistorta 
P . cuspidatum 
P.multiflorum 
P . orientale 
P . tinctorium 
Portulaca oleracea 
Potentilla chinensis 
Prinsepia uniflora 
P.uniflora var. serrata 
Prunella vulgaris 
Prunus armeniaca 
. armeniaca var. ansu 
. davidiana 
. humilis 


. japonica 


P 
P 

P 

P 

P . mandshurica 
P. mume 

P . pedunculata 
P . persica 

P . sibirica 
Pseudolarix kaempferi 
Pseudostellaria heterophylla 
Psoralea corylifolia 
Pueraria lobata 

P . thomsonii 

Pulsatilla chinensis 

Punica granatum 

Pyrola calliantha 


P . decorata 


31[] 


PPM 


Cll 
Cll 
Cll 
TIV 
Cll 
CV 
Cll 
Till 
Clll 
Cll 
Clll 
Cll 
TIV 
Cll 
CV 
Cll 
Cll 
Cll 
Clll 
Till 
Till 
TIV 
CV 
Till 
Till 
Clll 
TIV 
Clll 
Clll 
Cll 
TIV 
Cll 
Clll 
Cll 
Cll 
Cll 
Cll 


Cll 
Cll 
CV 
Cll 
Cll 
Cll 
Cll 
Cll 
CV 


CV 
Cll 
Cll 
Clll 
Cll 
Clll 
Clll 
Till 
CV 


61] 


OU 2 


Scientific name 


Aucklandia lappa 
Bambusa texiilis 

B. tuldoides 
Baphicacanthus cusia 
Belamcanda chinensis 
Benincasa hispida 
Bergebia purpurascens 
Bergebnia crassifolia 
Bletilla striata 
Bolbostemma panicu latum 
Brassica juncea 
Broussonetia papyrifera 
Brucea javanica 
Buddleja officinalis 
Bupleurum chinensis 

B. longiradiatum 

B . corzonerifolium 
Buxus microphylla var. sinica 
Caesa lpinia sappan 
Camellia meiocarpa 

C. oleifera 

Campsis grandiflora 

C. radicans 

Canarium album 
Canavalia gladiata 
Cannabis sativa 
Carpesium abrotanoides 
Carthamus tinctorius 
Cassia acutifolia 

C. angustifolia 

C. obtusifolia 

C. tora 

Celosia argentea 

C. cristata 

Centella asiatica 
Centipede minima 
Chaenomeles speciosa 
Changium smyrnioides 
Choerospondias aillaris 
Chrysanthemum indicum 
C. morifolium 
Cichorium glandulosum 
C. intybus 

Cimicifuga dahurica 

C. foetida 

C. heracleifolia 
Cinnamomum camphora 
C. cassia 

Cirsium japonica 

C. setosum 

Cissampelos pareira var. hirsuta 
Cistanche deserticola 

C. tubulosa 

Citrullus lanatus 

Citrus aurantium 

C. aurantium Chuluan’ 
C. aurantium Daidai’ 
C. aurantium Huangpi’ 
(E; 


aurantium' Tancheng' 


DOd0000: DO 0000000000000 


PPM 


Cll 
CII 
CII 
CII 
Till 
CV 
TIV 
TIV 
CIII 
CII 
CII 
CII 
CIII 
TII 
Till 
Till 
Till 
Cll 
Cll 
CIII 
CV 
CII 
Cll 
Cll 
Cll 
Cll 


Cll 


Scientific name 


. macrophylla 

. manshurica 

. ri gescens 

. scabra 

. Straminea 

. triflora 
Geranium carolinianum 
G. wilfordii 
Ginkgo biloba 
Glechoma longituba 
Gleditsia sinensis 
Glehnia littoralis 
Glycine max 
Glycyrrhiza glabra 
G. inflata 
G. uralensis 
Hedysarum polybotrys 
Helwin gia japonica 
Hippophae rhamnoi des 
Homalomena occulta 
Hordeum vulgare 
Houttuynia cordata 
Hyoscyamus niger 
Hypericum perforatum 
Ilex cornuta 
Illicium difengpi 
I. verum 
Impatiens balsamina 
Imperata cylindrical var. major 
Inula britannica 
I. helenum 
I. japonica 
I. linariifolia 
Iris tectorum 
Isatis indigotica 
Juglans regia 
Juncus effusus 
Kaempferia galanga 
Knoxia valeria noides 
Kochia scoparia 
Lamiophlomis rotata 
Leonurus japonicus 
Lepidium apetalum 
Ligusrum lucidum 
Lig usticum chuanxiong 
L. jeholense 
L. sinense 
Lilium brownie var. viridulum 
L. lancifolium 


L. pumilum 


Lindera ag gregata 


L. communis 

Linum usitatissimum 
Liquidambar formosana 
L. orientalis 

Lirigpe musari 

L. spicata var. prolifera 


Litchi chinensis 





Litsea cubeba 


Scientific name 


Quisqualis indica 
Ranunculus ternatus 
Raphanus sativus 
Rehmannia glutinosa 
Rhaponticum uniflorum 
Rheum officinale 

R. palmatum 

R. tanguticum 

Rhodiola crenulata 
Rhododendron dauricum 
R. molle 

Rhus chinensis 

R. potaninii 

R. punjabensis 

Ricinnus communis 

R. chinensis 

R. laevigata 

R. rugosa 

Rubia cordifolia 

Rubus chingii 

Salvia miltiorrhiza 
Sanguisorba officinalis 
S. officinalis var. longifolia 
Santalum album 
Saposhnikovia divaricata 
Sarcandra glabra 
Sargentodoxa cuneata 
Saururus chinensis 
Saussurea involucrate 
Schisandra chinensis 

S. sphenanthera 
Schizonepeta tenuisfolia 
Schizostachyum chinensis 
Scrophularia ningpoensis 
Scutellaria baicalensis 
S. barbata 

Sedum sarmentosum 
Semiaquilegia adoxoides 
Sesamum indicum 
Setaria italica 
Siegesbeckia glabrescens 
S. orientalis 

S. puberscens 

Silybum marianum 
Sinapis alba 
Sinocalamus beecheyanus 
Sinomenium acutum 

S. acutum var. cinereum 
Smilax china 

S. glabra 

Sophora flavescens 

S. japonica 

S. tonkinensis 
Sparganium stoloniferum 
Spatholobus suberectus 
Stachyurus chinensis 

S. himalaicus 

Stellaria dichotoma 


Stemona japonica 
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TII 
TII 
CV 
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Till 
Till 
Till 
TIV 
Til 
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Cll 
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Cll 
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CV 
Till 
Cll 
Clll 
Till 
Till 
Clll 
Till 
Till 
Till 
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TIV 
Clll 
Till 
Cll 
Cll 
Cll 
Clll 
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Cll 
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CV 
Cll 
Cll 


Cll 
Cll 
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Cll 
Cll 
Till 
Clll 
TIV 
Cll 


Clll 
Cll 
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Scientific name PPM Scientific name PPM Scientific name PPM 
C. grandis CV Lobelia chinensis S. sessilifolia Cll 
C. grandis Tomentosa’ CV Lonicera confusa S. tuberosa Cll 
C. medica CII L. hypoglauca Stephania tetrandra TIV 
C. medica var. sarcodactylis CV L. japonica Sterculia lychnophora Cll 
C. reticulate CV L. macranthoides Strychnos nux-vomica Cll 
C. reticulaté Chazhi' CV Lophatherum gracile Styrax tonkinensis Cll 
C. reticulata’ Dahongpao' CV Luffa cylindrica Swertia mileensis TII 
C. reticulata Tangerina’ CV Lyceum barbarum Tamarix chinensis Cll 
C. reticulaté Unshiu' CV L. chinensis Taraxacum mongolicum Cll 
C. sinensis CV Lycopus lucidus T. sinicum Cll 
Clematis armandii R Lysimachia christinae Taxillus chinensis R 
C. chinensis Till Magnolia biondii Terminalia billerica Cll 
C. hexapetala TII M. denudata T. chebula Cll 
C. mandshurica CII M. officinalis T. chebula var . tomentella Cll 
C. montana CV M. officinalis var. biloba Tetrapanax papyriferus TII 
Clinopodium chinensis CII M. sprengeri Tinospora capillipes TIV 
C. polycephalum CII Mahonia bealei T. sagittata TIV 
Cnidium monnieri TII M. fortunei Torreya grandis Clll 
Codonopsis pilosula CII Malva verticillata Toxicodendron vernicifluum Cll 
C. pilosula var . modesta CII Melia azedarach Trachelospermum jasmi noides Cll 
C. tangshen CII M. toosendan Trachycarpus fortunei Cll 
Coix lacryma-jobi var. mayuen CV Menispermum dauricum Tribulus terrestris R 
Commelina communis R Menthe haplocalyx Trichosanthes kirilowii Cll 
Copitis deltoidea CIII Momordica cochinchinensis T. rosthornii Cll 
C. teeta CIII M. grosvenori Trigonella foenum- graecum Cll 
Coptis chinensis CIII Morinda officinalis Tussilago farfara CIII 
Cornus officinalis CIII Morus alba Typha angustifolia Cll 
Corydalis bunfeana CII Mosla chinensis T. orientalis Cll 
C. decumbens CIII M. chinensis: jiangxiangru' Typhonium giganteum TII 
C. yanhusuo CIII Murraya exotica Uncaria hirsuta Till 
Crataegus pinnatifida CV M. paniculata U. macrophylla TII 
C. pinnatifida var. major CII Myristica fragrans U. rhynchophylla TII 
Cremastra appendiculata Till Nardostachys chinensis U. sessilifructus Till 
Crocus sativus CV N. jatamansi U. sinensis TII 
Croton tiglium CII Nelumbo nucifera Vaccaria segetalis Cll 
Curculigo orchioides Till Nigella glandulifera Verbena officinalis Cll 
Curcuma kwangsiensis CII Notopterygium forbesii Viola yedoensis TII 
C. longa CII N. inccisum Viscum coloratum TIV 
C. phaeocaulis CII Ocimum gratissimum Vitex negundo var. cannabifolia R 
C. wenyujin CII Ophiopogon japonicus V. trifolia Cll 
Cuscuta chinensis CII Orostachys fimbriatus V. trifolia var. simplicifolia Cll 
Cyathula officinalis CII Oroxylum indicum Vladimiria souliei CIII 
Cynanchum atratum Till Oryza sativa V. souliei var. cinerrea CIII 
C. glaucescens CIII Paeonia lactiflora Xanthium sibiricum CIII 
C. paniculatum CIII P . suffruticosa Zanthoxylum bungeanum CV 
C. stauntonii CIII P . veitchii Z. nitidum TIV 
C. versiclor Till Panax ginseng Z. schinifolium CIII 
Cynomorium songgarium TIV P . japonicus Zingiber officinale CV 
Cyperus rotund us R P . japonicus var. bipinnatifidus Ziziphus jujuba CV 
Daemonorops draco CIII P . japonicus var. major Z. jujube var. spinosa CIII 
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Fig .3 Statistical data of use patterns and paths 
of medicinal plants recorded in 


Chinese Pharmacopeia 
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Table 3 Statistical data of medicinal plants recorded 
in Chinese Pharmacopeia 


Use pattern 


Path ————  —— Total 
R type T type C type 
| 36 — = 36 
Il — 25 194 219 
lll — 66 103 169 
IV — 49 = 49 
V — — 76 76 
Total 36 140 373 549 
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Fig.4 Proportion of plant species with or without sustainable supply 
CN) , and with or without exhausted (Y@N) in Chinese pharmacopeia . 


Species being threatened have a relatively high percentage of 40 % 
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